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Mielhod fi>r a^esaiblmg a camera modxde 



ThiQ present iirvention relates to am^ihod&r (ussembling a camGcamoduIe^ 
espedally a camera module &r a mobile phoiiye or any oth^ relatively sm^ camera modtile. 
In such a camera module, dimensions of the camera dmients are in the millimetre range, 
wh^as allowable tolerances are in the micrometre range. It is therefore very inaportant that 

O X» 0 

5 the camera elements are accurately positioned with respect to each other. 

The camera module conqprisQS a snbstrate» a lens and an image sensor chip 
being attached to the substrate. Rays of li^ which pass the lens are received by a light-- 
sensitive sur&ce of tide image aensor chip. It is important that the lena is aligned very 
accurately with respect to the K^t-sensitLve surfkce in y and 25-directionSji wherein the 

10 direction is defined as a direction perpendicular to the light-sensitive sur&ce, and wherein the 
X, y-directions are defined as mutually petpendicular, both the x-direction and the y-diieclion 
extending parallel to the light-sensitive surface, hi relation to the alignment in the z-dizecticm, 
it is importent that the li^-sensitive surface of the image sensor chip is positioned at the 
focus of the lens, in order to obtain a sharp image. 

15 hipxactice;» the optical performance of a camera module may appear to be 

poor. In many case&» this is the result of the Ught-sensitive surface of the image saisor cddp 
not being positioned exactly at the focus. Therefisre, the present invention rdates particularly 
to a method for assembly with a view to aoMeving aligmnent in s^dii^tion. 

In the camera module, the lens is part of a lens assembly^ which is supported 

20 by a carrier being attached to the substrate. According to the state of the art. in ttie process of 
assembling the camera module, the image sensor chip is provided on the substrate first 
Subsequent to the step of |»roviding electrical connections to die image sensor chip, the 
caniw is attached to the substrate, whereupon the lens assembly is positioned and attached to 
the carrier. Positioning of the lens assembly takes place by using the image s&nsor dbipp 

25 wherein the lens assembly is moved towards the aubstrate and whevdn at discrete intervals, 
the sharpness ofthe image being gmerated by the image sensor (Mp is Once the 

lens assraobly appears to have the xig^t position, the lena aas^nbly is attached to the oanier. 

In practice, cheokix^ of the sharpness of the image being generated by the 
image sensor chip is pecfi>rmed visually by a human operator, wherein the operator looks at 
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2 30.09.2002 
tbe image on a screesa and decides tbie point at wMch the image has optimum quality. Thus, 
the dieddng process iieeds to be petformed by specially trained people, which causes the 
posLtioning process to be relatively exp^ve. Nevertheless^ it wiU be luderstood that due to 
bnman ezrors of judgement, in a certain perc^tage of &e manuSftCtured camera modules, the 



5 lighl-sezisitlve sur&ce of the image sensor chip is not exactly positioned at the focus of l5ie 
lens or is not ^vitbin a tolerable range of the focus. As a result, Ifae image quality of many 
current cam^a modules is poor, and camera modules may even Ime to bo lejected. In the 
state of the art, rejection is only decided after assembly, which means that the image sensor 
chip, which is relatively expensive, is lost. 

10 It is an objective of the present invention to provide a method for positioning a 

lens assembly in a camera module, which is more accurate and which, coxisequently leads to a 
higher yield of camera modules with good quality. In one aspect of the preseaot invention, this 
objective is achieved in a meOiod fox assetobling a camera module comprising a substrate, a 
lens and an image sensor chip having a Hght-^sensitive surface, wherein in an assembled state 

15 an optical axis of the lens ^tends in a z-direction and the light-sensitive sur^e of the image 
sensor chip extends at a pre-determined sensor surface portion perpendicular to the zr 
direction, the method comprising the following steps; 

a) aligning a detector of a measuring device with the optical axis of the lens; 

b) displacing the lens in the z-direction; 

20 c) det^cmining an optimal z-position £br the lens on the basis of measuring signals firom the 
measuring device^ wherein measurkng is performed at a measuring position; 

d) bring^g the lens to the optimal z-position, preferably fixing the kns with respect to the 
substrate; 

e) removing tiie measuring device; and 
25 f) plaeang the image sensor chip. 

Tn tiie method according to Hxe pr^cnt invention, a measuring device is 
applied in <Mnler to detennine the optnnal z-posltion of the lens. While the lens is axiaUy 
displaced, tiie measuring device generates measuring signals^ on the basis of which the 
optimal z^osition is determined. After Ibe lens is brou^t to this c>ptimal Srposltion, tiie 
30 measuring device is removed and the ims^ sensor chip is attached to liie substrate. 

According to the present invention, the position of the lens assembly wilfa 
respect to the substrain is determined in an accurate way, whereixi the process of 
detemiination takes place on the basis of objective measurements. This is advantageous with 
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i^ect to the state of the art» iTtduerein the process of detennisatioii merely talces place on flie 
basis of humaii judgement 

Ano&et advaatageous feature of the method according to the present 
inveatiaa is that tihe image sensor chip is not needed in the process of dfitenxdning the 
S optimal 2>-position of the lens. Jxx case of tiie measuxemente poin&ig out that die assembly of 
substrate end lens assembly is completely out of speoificatioii, and that it is impossible to 
position the lens assembly properly^ the substrate and the lens assembly can be put away 
be&re the relatively expensive ioiage sensor chip is attached to the substrate. 

• • • f 

10 

The present invention will now be explained in grater detail with reference to 
the figures, in which similar parts are indicated by the same reference signs, and in which: 
figure 1 is an exploded view of a camera module according to the present 

invention; 

15 figure 2 is a partial sectional perspective view of the camera module as shown 

in figure 1 in an assembled state; 

figure 3 is a partial sectional side view of a substrate, a lens ass^bly, a 
portioning die and a detector according to the present invention; 

figure 4 is a graphical drawing depicting a relation between a measured light 
20 intensity and a ^--position of a 1^; and 

figure 5 is a block diagram of a positioning £^paratus« 



Hgqres 1 and 2 show camera elemmts of a camera module acooiding to the 
25 present inv<aition» wherein figure 2 shows the camera elements in an assembled state. The 
camera module comprises a substrate 10, a lens assembly 30» an image sensor chip 40, an 
infiared filter 50 and a cover 60. The infixed filter 50 is not an essential element of the 
earner module^ and may therefore be left out. 

In the following the terms "up^' and *'under" and derived terms relate to an 
30 orientation of the camera elements 10, 30, 40, SO, 60 as shown in figures 1 and 2. ft will be 
unde^tood tbat this definition is arbitrary, as the camera elements 10, 30, 40, 50, 60 may 
have atotally diS^rent orientation than the one as shown in figures 1 and 2. This definition 
should th^cefore not be re^rded as having a limiting effect on the scope of the present 
invention* 
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The stOsstrate 10 has atop smface 11, ahottom sut&ce 12 and a thiooghhcde 
13. ]h flie ^own e«:anqE>le, li^e top sui:£ace 1 1 and fhe bottom sut&ce 12 eactood sobstantiaily 
parallel to each olher. The hoOom sui&ce 12 is desigoed Sot attaching ths image Bssmt chip 
40, wiih a light-sensitive stttface 41 fiuang the gabstrate 10, and aligned with the hole 13. In 
5 ±a followijig, the position at the substrate 10 where the lighfc-sensitiv© awfece 41 will be in 
tile aassmbled state is refacred to as soiaor sio&cepontion. hi fha shown example, the sensor 
sqr&ce position and file bott<^ Bm&oe 12 fflctead in the same plane. 

In the ^sembled stats of Ifae camera module, the hole 13 has the fimction of 
letting pass lays of light onto the Ught^ensitive suc&ce 41 of the image sensor dbip 40. For 
10 this picpose, tlX3 dimensions of tlie bole 13 at least conre^oiid to the dimeiiSfions of th© li^t- 
senaitive surface 41. In the example as shown in figure 2, the dimexisions of the bole 13 are 
somewhat larger than the dimensions of the light-seasitive surface 41 » 

The substrate 10 compiises a cylinder-shaped receiving sleeve 14 for receiving 
ttie Isna assembly 30, aligned with ttie hole 13 and extending perpendicular to the "bottom 
15 surface 12. Consequently, a central axis of the receiving sleeve 14 extends in the as-direetion. 
According to an important a^eot of the pr^ent invention, tjie receiving sleeve 14 may be 
foraied aa an integral part of the substrate 10» The receiving sleeve 14 comprisojs a plurality 
of elongated ribs 15, prejfisrably three, wbicb are evenly distributed along an inner surface 16 
of the receiving sleeve 14. The ribs 15 extend in the z-di3tection, from a lower side to an 
20 xsppes side of ttie receiving sleeve 14. 

Extending around an outer perimeter of the receiving sleeve 14, an annular 
receiving gioove 17 is provided in the top surface 1 1 of the substc afce 10 for receiving a lower 
side of the cover 60. In the shown example, the receiving groove 17 compiises fbur bulges 
18, which are ev^y distributed along an outer circumference 19 of the receiving groove 17. 
25 The substrate 1 0 is preli^bly made of glaas-filled plastic material, but may 

comprise any suitable materiaL 

Portions of the sccc&ice of the stibstrate 10 are covered with electrical wires 20. 
In the assembled state of the camera modole, the electrical wires 20 are connected to contact 
points 42 of the image aensor chip 40, fbt example by means of a flip^chip bonding process. 
30 In the assecbbled state of the camera module, the image sensor dhip 40 is 

attached to tiie bottom suifece 12 of flie substrate 10, &t example by means of a bonding 
process. The im£^e sensor chip 40 i$ positioned such that the li^-sensitive gurf^ 41 is 
aligned indth the hole 13 in the substrate 10, so that the light-sendtLve surface 41 may be 
reached by rays of li^ The correct alignment in the x, y-dia?ections of the image sensor cMp 
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40 with respect to fhe substrate 10 may be etstablished by meaxis offer example a cavity in 
the bottom surface 12 mA/ox projecticms on ihe bottom sur&ce 12, or on the basis of the 
oomiectLOn of ihe contact points 42 to the electrical wir^ 20, wherein the contact points 42 
may be provided vAUi bimtps. 
5 The lens aseeoibly 30 is roteiional symmetrical and comprises a number of 

elemeate» namely a lens elem^t 3 1 having a convex part^ and a lens holder 32 smroimdins 
the lens element 31. The convex part wiU herdnafi^ be refecred to as convex lens 33» In 
figure 3, a focus of the convex lens 33 is diagrammatioally shown and indicated by reference 
numeral 34. 

10 The lens element 3 1 is made of a transparent material, such as transparent 

plastic. In the shown example, an outer diamet^ of an upper portion 35 of the lens holder 32 
IB larger than an outer diameter of a lower portion 36 of the lens holder 32, Further, at a top 
side^ the lens assembly 30 comprises a recess 37 for accommodating the optional infrared 
filter 50. 

15 Tn the shown example, the lens elem^t 3 1 and the lens holder 32 form one 

undivided whole» but iMs is not essential in the light of the present invention. 

The cover 60 is sh^ed as a hollow cylinder, wheiein inner dimensions of Ibe 
cover 60 are such that the cover 60 may ^comp^s the lens assembly 30 and the receiving 
sleeve 14 of the substrate 10, in ord^ to offer protection against stray light. In the assembled 

20 state of tbe cameara module, a lower side of the cover 60 is inside the receiving gcoove 17 in 
the substrate 10, The cover 60 maybe attached to the substrate 10 by means of glueing^ 
wherein glue droplets may be received by the bulges 1 8 of the receiving gcoove 17. At an 
iipper side, the cov^ 50 comprises a hole 61 fbr letting pass rays of lij^t onto the in&ared 
filter SO and die ^embly 30» 

25 According to an important aspect of the present invention^ the 1ms assembly 

30 is fit into the receiving sleeve 14 of the substi:ate 10 by means of press fitting. Therefore, 
the outer diamet^ of the lower portion 36 of the lens hold» 32 is somewhat larger than a 
diameter of a virtual circle being determined by inner surfiices of the ribs 15 in tlie receiving 
sleeve 14. In order to secure the position of die lens assembly 30 willi respect to the receiving 

30 sleeve 14^ a ring of sealing material or a mould (i^oxy) may be applied 

In the assembled camera module, rays of li^ pass throu^ the hole 61 in the 
i^er side of the cover 60, ftoouj^ tiie mfirared filter 50 (if presrat) and thzou^ the lens 
dement 31. In die process, the rays of light ate deflected by the convex lens 33, in such a 
way that the rays converge infiie direction of the li^t-sensitlve 8Ur£u:e 41 of the inotage 
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sensor chip 40. The rays of U^rea6htheli|^t-Bensitiveauifeoe41 bypassmgtlttoughfeB 
hole 13 in iii© substrate 10. WHea the Ji^t-sensitive auiftce 41 of tbe image sensor oMp 40 is 
inadiated by rays of Hgtt, Ihe image sensor chip 40 generates ati eleotrioal signal whidi is 
representative of the reoeivedi rays of ligjht On the basis of this signal, an image can be 

5 displayed on a scre^. 

In order to obtain a sharp image» it is important lijat the convex lens 33 and the 
U^sensitive surfeoe 41 of the image sensor chip 40 ate aoourately positioned wltb respect 
to each other. The positioning of the convex lens 33 and the image sensor <ih^ 40 has various 
aspecis: 

10 - Alignment in aplane paraUel to the light-sensitive surface 41 of tbe image sensor chip 40. A 
centre of the light-sensitive surfeoe 41 and a centre of the convex lens 33 should be on the 
same axis. 

- Distance between the Ugbl-sensitrve surfece 41 of the image sensor chip 40 and the convex 
lens 33. This distance is important for optimnm focus, wherein Ihe Ught-sensitiv© surfeoe 41 

15 should be positioned at the focus 34 of the convex lens 33. 

- Angfle between the K^-sensitive surface 41 of the image sensor chip 40 and the optical 
axis of tho convex lens 33. The light-sensitive suifece 41 should extend perpendicular to the 
optical axis of tho convex Ibds 33. 

ii the camera module according to the presrat invention, alignment in a plan© 
20 parallel to the light-sensitive smftce 41 of the image sensor chip 40 better Oian hi 

conventional camera modnles. The reason fbr fids is that in the cameta module axjcoiding to 
fhe present imrcotion, there is only one element between the imago sensor chip 40 and the 
comrex lens 33, asboflifliehnage sensor chip 40 and the convex Una 33 are duectly 
connected to the substrate 10. The lens assembly 30 is fitted in tbe receivmg sleeve 14 of the 

25 substrate 10 and supports the cover 60. The anangement acoowJing to the present invention 
dijBFers ftom Ihe arrangement according to ihe state of the art; whereto at least two bodies are 
present betwreen the image sensor diip 40 and the convex lens 33. In the conventional camera 
modnles, Ihe lens assembly 30 is sfopported by a separate oanier. which in turn is supported 
by flJfi substrate lO. During assembly of a caraerainodnle.positiomng of eaoh. element brings 

30 along its own attadhment and alignment problems. Theiefia© it is true that Ihe lower the 
number of intemaediate elements, ^ hij^ *e accuracy. 

For flie reasons as mentioned in ihe above p aragr^h, when a camera module 
is assembled ftom camera elemeaits 10. 30, 40, 50, 60 accordkgto the present hivention, the 
accuracy of the cameraraodule is hi^rher than the accuracy of a conventional camera module. 
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This is already true whsa ass^oibling of tbe camera module and positioning of the convex 
leas 33 are performed in a conventional way, wherein the image sensor chip 40 is provided 
on the substrate 10 firsts and wherein determination of fhe position of the convene lens 33 and 
the image sensor chip 40 is performed by using the image sensor chip 40 and judging the 
5 p^onnance of the camera module on sight However, the position of the convex lens 33 is 
preferably determined by applying a positioning method according to the present invention. 
This positioning method will be described in the fbllowing, wherein reference will be made 
to figures 3 and 4. 

• • • 

10 

Figure 3 shows a positioning die 70 and a substrate 10 being supported by an 
upper sur^e 71 of tiie positioning die 70. For the purpose of positioning the substrate 10 in a 
pre-determined mann^, the positioning die 70 may for exan^ple comprise projections 
extending firom the npper surface 71 . 

IS The positioning die 70 comprises a recess 72. At an upper aide of the 

positioning die 70, the recess 72 is covered by a cover plate 73. The cover plate 73 comprises 
a spot hole 75^ which is positioned at the central axis of tiie receiving sleeve 14» Preferably, 
the diameter of Ibe spot hole 75 is in the order of the fbcal diameb^ or smaller, for sample 
within arange of 20-30 /nn. Bight undem^kth the cover plate 73, inside the recess 72^ a li^ 

20 sensor 80 is arranged fbr detecting the intensity of light passing tfarott^ the spot bole 75. 

A method &>v positioning the lens assembly 30 with r^pect to the substrate 1 0 
is as fbllows. The lens assembly 30 is placed inside the receiving sleeve 14 of the substrate 
10, and is moved in tiie direction of the substrate 10. Preferably, tiie lens assembly 30 is 
moved in axial stq>s» wherein the steps may have a value of 1 /im, for example. In the 

25 proc^, the lens assembly 30 is irradiated with a beam of light containing rays which extend 
substantially parallel to each otiier and to the optical axis of the convex lens 33, in other 
words, peipmdicular to the bottom surface 12 of the substrate 10 (or the upper sui&ce 71 of 
the positioning die 70). In figure 3, tiie parallel rays of Ught are diagrammatically depicted by 
means of dashed arrows and indicated by referrace numeral 90. 

30 It is known that a convex lens 33 deflects parallel rays of li|^t 90 towards its 

focus 34. In figure 3, the deflected paths of the enter parallel rays are depicted by means of 
dashed lines and indicated by means of reference nnmeral 91 , When the movement of tiie 
lens assembly 30 in the direction of the substrate 10 is started, the focus 34 of the convex lens 
33 is above the cover plate 73 and tiie spot hole 75, and a projection of the deflected beam of 
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light on an \xppet snrfece 74 of the cover plate 73 has the shape of a ckcalar diso. When fh« 
lens assembly 30 moves closer, the lig^it spot gets smaUet and smaller, hence Use Hght 
intensily as received by the light sensor 80 Increases, The nwpdminn light intensity is 
ftoMe ved when the focus 34 of the convex lens 33 coincides vfifh fba upper sqrfeoe 74 of th e 



5 covet plate 73. Starting from that point, when the leos assembly 30 still mov«i inth© 
direction of the substrate 10, the light spot gets bigger again, and the U|^Jt inlaasity as 
lecdved by the light s^or SO decreases. 

Every time Ihe lens assembly 30 has moved one step, the light sensor 80 
detects the light intensity of the beam of light at the ^ot hole 75. When a comparison of the 

10 cuttently detected li^t intensity with a previously detected light intensity shows that Ihe 
currently detected light intensity is higher than the previously detected light intensity, the 
stepped movement of the lens assembly 30 is continued. When a comparison of the cuirentty 
detected light Intensity with the previously detected light intensity shows that the cuirently 
detected intensily is lower than the previousty detected light intensity, it is known that 

15 the fooos 34 has passed the spot hole 75. From that point on, it ia not necessary to collect any 
fttrfher measuring results. By extrapolating Ihe available measuring results, the position of the 
lens assetnbly 30 at which the liifht intensity was at a max i mu m can be det^mined. In the 
&11owing^ this position win be re&ned to as reference Im^ position. When the lens assembly 
30 is at the reference lens position, the vppac snr&ce 74 of fiie cover plate 73 is at the fooos 

20 34 of the convex lens 33. 



Figaro 4 is a graph iBuslzaljng an ou^ut si&)al S of the ligjht sensor 80 as a 
fimctioti of the ^position Z of flie lens assembly 3a In order to iUustrate a way of finding the 

25 idEbrenoe lens popitlim, three BiAsequetrtmeasnrement points A, B and ^ 

ffxph. A difference AZs between s^-positlcms corre^onding to subsequent measurement 
pomts is represmtathre of ^ size of 13ie steps in the displacement of the 1^ msembly 30. 

When an output signal Sb of measnrsmBni point B is compared to an output 
si^ial Sa of previous measurement pouit A. it is found that the value of output signal Sa is 

30 higher than the value of output signal Sa. On tte basis of ttiis outeome, the disidacement of 
the leos assembly 30 is continaed, and a new measuranemt is perfiMoned. wMoh yields 
measuring point C. When an oulput signal So of measurement point C is compared to the 
output signal Sb of previous measurement point B, it is found that the value of oirlput signal 
Sc is lower than the value of output signal Sb- On flie ba»B of this outcome, the movement of 
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tlie lens assembly 30 is stopped, as it is ik>w known tiliat amaximum value of tibe oulpitt 
signal S is at a point M between measuring points B and C. This point M may fbr exanxple be 
detemdned by means of extrapolation. A z-posltion Zm wMch is assodated lyith the point M 
is representative of the reference lens position. 



In order &r ihe camera module to p^^fbrm propeirly, the light-sensitive sur&ce 
41 of the image sensor chip 40 has to coincide wifhthe &cus 34 of the convex lens 33. As 
soon as the reference lens position is detennmed on the basis of fiie measurements bdng 

10 pecEbtmed'wiOi the help of the light sensor 80, the optimal imposition of the lens ass^nbly 30 
can be deteimined. In the shown example^ the level of the upper surface 71 of the positioning 
die 70 equals the level of the bottom surface 12 of the substrate 10 and consequently, the 
level of the sensor surface position. Therefore, a distance between the reference lens position 
and Ihe optimal loos position equals a distance hetween ttie level of the upper surface 71 of 

15 the positioning die 70 and the level of the upper suifece 74 of the cover plate 73 , As this 

latter distance is known, the optimal lens portion may easily be determined, starting &om the 
reference lens position. 

In the shown example, the level of the upper surfece 71 of the positioning die 
70 is lower than the level of the upper surface 74 of the cover plate 73. Advantageously, a 

20 distance betwem these two levels is larger than a distance between the reference lens position 
and the position of the lens ass^bly 30 where the last measurement was performed. The 
movement of the lens assembly 30 in the direcdon of the substrate 10 can then be continued 
until the lens assembly 30 reaches the optimal lens position, 

In order to detemiine the value of a distance still to be covered by the lens 

25 assembly 30, starting &om the position where the last measurement was taken, all that is 

needed is to compare a distance between this position and the ref^enoe lens position with the 
distance betwem the optimal lens position and the reference lens position* The difference 
between the two distances equals the distance still to be covered by the lem ass^iably 30. 
Refbtring to the graph as shown in figure 4, the z-position where the last measurement was 

30 taken is represented by a z-*position Zq corresponding to measurement point C. The distance 
between this position and the refer^ice lens position is rq^^ented by a distance AZ] 
between z-positions Zm and Zc. 

After the lens assembly 30 has been positioned according to the above- 
described metiiod, the substrate 10 and die lens assembly 30 are taken off the positioning die 
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70, and the image sensor chip 40 oati be attached to iho bottom siftrfece 12 of tixe substrate 10. 
Also, ^ optional infrared filter SO and the cover 60 can be piat in place, 

-5 ;-i^{5-fficxyl^^ 

many d^ails may be diflBBsreirt fiom the ones as described in connection to the above example. 

Carrying out the posdHoning method as described in flie above is 
advantageously in case of flie lens assembly 30 being press-fitted in the receiving sleeve 14. 
In such acase, the lens assembly 30 can only be moved in a direction towards the substrate 
10 10. Moving the lens assembly 30 in the opposite direction would cause the lens assembly 30 
to be loose. Therefore* in sucih a case, it is important that the optimal lens position is closer to 
the aubstate 10 than the lefi^^ice lens position, in other words, it is hirportant that the spot 
bole 75 is posifioned above the position where the light-sensitive siirfece 41 of the image 
sensor chip 40 will be at alater stage. 
X5 Neyerdieless, the positioiung method according to the present invention also 

relates to cases in which the lens assraibly 30 can be moved in both directions inside the 
receiving sleeve 14 without loosing for exatnple cases in which the lens aflSCT:ibly 30 
comprises external screw thread and tiifi receiving sleeve 14 comprises internal screw thread, 
In such cases, it is no problem if the lens Msembly 30 has xnoved beyond the optimal lens 
20 position, seen in a direction towards the substrate 10. Therefore, the refercmce lens position 
and the optimal lens position may coincide. Consequeaofly, the position of the spot hole 75 
and the position Where the light-^engitive surface 41 of the imge sensor drip 40 will be at a 
latCT stage may coincide, to theory, the reference Iotls position may even be closer to the 
substrate 10 than the optimal Ims position. 
25 Throughout the process of positioning the lens assCTably 30, the optional 

inftared filter 50 and the cover 60 may already be placed at the right position with reject to 
the lens assembly 30. 

It is not essential liiat the lens assembly 30 is moved at discrete steps. The lens 
assembly 30 may aa well be moved contimiously. In such a case, the measurements may stiU 
30 be pedbrmed at diser^thne intervals. 

The measurement results may also be used in detemiining whether a 1^ 
assembly 30 satisfies the requirements relating to the maximum value of the light intensity. 
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la liie process, the actual valUie of tiie li^ intensity at the teformce lens position is compared 
to a toleiable range of values. If fhe actual value does not meet tb& requirements, liiero may 
be an enor inAe lens assembly 30» the substrate 10 or anofher element In tbk way, such an 
error is found before the image sensor chip 40 is attached to &e sidDSfrate 10, and loss of the 
5 image sensor chip 40 is prohibited. 



The optical performance of camdra modules in tvhidii the lens assembly 30 has 

been positioned by applying the positioning method according to the present invention is 

very good, Besides the acouraoy of the positions of ttie camera elements 10, 30, 40, 50, 60, 
' « ' * 

10 the resolution of the image sensor diip 40 plaj^ a role in the optical performance of the 

camera module. There&re, the positioning method according to the present invention may be 

appli^ fox the purpose of being able to use an image sensor chip 40 with less resolution 

and/or to perform less digital processing, instead of the purpose of obtaining a better image 

quality. This is a very interestuig aspect in the light of an application of the camera module in 

15 for example mobile phones, wherein it is desirable to limit the xnformation size of an image. 



Figure 5 is a block diagram schematically illustrating a positioning apparatus 

100 Jfor positioning the lens assembly 30 with respect to the substrate 10, A conttollable 
20 mardpulator 1 10* enable of displacing the lens assembly 30» is controlled by a controller 

120, which receives the output signal S at an input 12L As long as the value of S increases, 

the controller 120 continues to activate the manipulator 110, 

It is possible to stop the manipulator 110 as soon as the controller 120 finds 

that a maximum ISm is achieved. A higher accuracy is possible if the manipulator is activated 
25 to continue Ifae displacement of the lens assembly 30 beyond the point M oorr^onding to 

tiie reference lens position and the maximum Sm. On the basis of the measured curve 

representing the relaticm betwem S and Z, the controller 120 is able to calculate the returnee 

lens position Zm. 

In the previous examples, the position where the measurements are perfbmied 
30 is above the sensor sur&ce position, at apre-detetnuned distance AZs^ When the lens 
assembly 30 is moved beyond the reference lens position over a dlstanoe AZi, the lens 
assembly 30 can be moved on to the optimal lens position. The distance which needs to be 
covered, can be accurately deterooined, as this distance exsc&y equals the diSbrence between 
and AZi. During the positioning process, the controller 120 first detennines the reference 



PHNL020991EPP au.uy.zuuz ib 

^ 12 ^ 30.09^002 

lens poaLtion on the baas of flie measuring results. Onee ihis reference lens position is Qmnd, 
the distance AZi is calculated by comparing an actual z-position with the reference lens 
positioa SubsequeoHy, on the basis of the known distance the coiaftoller 120 is able to 
calculate the distance aver which the lens assembly 30 has to be moved in order to arrive at 
5 the optimal lens position, and to activate the manipulator 110 in arder to aotuaUy position the 
lens assembly 30 at liie optiinal lens position. 

In a possible embodiment, the controller 120 activates the manipulator 110 in 
opposite sense if it is necessary to move the lens assembly 30 away ftom flie substrate 10 in 
order to leaoh the optimal lecB position. This is po^ble in cases where liie man^iilator 110 
10 is capable of puUiug bac3c, for example in cases >vhere screw mounts are ^lied. In case of 
the lens assembly 30 being press fitted with respect to the substrate 10, pulling back is not an 
option, as pulling back will caaiae the lens assembly 30 to be loose in the substrate 10. 



15 It will be clear to a person skilled in Ihe art that the scope of the present 

invention is not limited to Has examples discussed in the foregoing, but that several 
ai«p,iiAri«n^«i and modifications Ifaereof are possible without deviating fiom the scope of the 
invention as defined in. the attached claims. 

Bar OTample, alfljough it is only shown that the receiving sleeve 14 comprises 
20 ribs 15, it may as well be tiiat ihe lens assembly 30 conqjrises ribs 15. It is even possible that 
bofli the recelvfaig sleeve 14 and the lens assembly 30 comprise ribs IS. 

Further, allkni^ this is not e>cpUdtiy disclosed in tte fihove^ tiie 

73 may be fiumed as an integral part of the positioning die 70. 

Ill the context of the present invention, it is not essential that the positioning 

25 piocesB of the coovejc lens 33 is started with the lens assembly 30 in a position in which the 
focus 34 of the conveic lens 33 is above the upper surfece 74 of the cover plate 73, and that 
the convex lens 33 is moved towards the substrate 10. K is also possible that an initial 
position of the lens assembly 30 is such lhat the focus 34 of the conveat lens 33 is below the 
uj^er sur&OB 74 of tiie cover plaj« 73, wherein ifae refiacence leM position is found by 

30 moving the lens ass^bly 30 away fiom the substrate 10. 

hi all described exanq^les, it has been disclosed ^t during tiie positioning 
process, only the lens assembly 30 is moved. This is not essential; it is important that the lens 
assembly 30 and the substrate 10 are moved relative to eadi other. Therafore, it is also 
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possible fhat only (he substrate 10 is Jmoved, or that both fhe lens ass^bly 30 and the 
jsubstxate 10 are moved. 



S In tbe foregoing, a positiamng moliiod is disclosed, wherein the optimal zr 

position of a oonvex lens 33 ^th respect to a substrate 10 is accuiatdy determined by 
measuring the ligiht i3Qtensity of a Ught beam being obtained from a bundle of parallel rays of 
li^ 90 which have passed the convex lens 33. A focus 34 of tbe convex: lens 33 is found 
with the benefit of fhe knowledge tiiat at the foctts 34» the liglht intensity of the light beam is 

10 at a maajmum. As it Is di£&cutt to determine the maximum without having passed it^ moving 
the convex lens 33 towards the substrate 10 and tneasuiing the light intensity axe contimied 
until the light intensity appears to decrease again. Then, the position of the conv^ lens 33 
which corresponds to the maximum can be calculated relatively easily. At this position, the 
focus 34 of the convex lens 33 is at an area 74 where the light intensity is measured. Starting 

15 from the sensor surface position, the optimal position of the convex lens 33 may be 

detemiined in an accurate manner by taldng into account the &ot that the light-sensitive 
surface 41 of llie image sensor chip 40 has to be at ihe focus 34 of fhe convex lens 33. 
D^ending on the position of the area 74 wh^ the measurements have taken place with 
respect to the senior surface position, the convex lens 33 needs to be moved away fit)m the 

20 substrate 10 or towards the substrate 10 in order to take it to the optimal position. 

AIsO) in the foregoing, a metliod for assembling a camera module is disclosed, the method 

compriishigthBfcllowingstqps: 

placuig the substrate 10 on apositioning die 70; 

- irradiating the 1^ assembly 30 with parallel rays of light 90; 

25 - displacing a lens assembly 30 comprising the convex lens 33 in an axial direction; 

•* measuring the light intensity of light passing throng^ a spot hole 75 by means of a lig;ht 
sensor 80 being accommodated in tiie positioning die 70; 

- determining an optimal axial position of tbe lens assembly 30 on the basis of an obtained 
li^t intensity curve; 

30 ^ bringing the lens assembly 30 to the optimal axial position; 
r^noving &e positioning die 70; and 

- attaching an image s^or chip 40 to a bottom sur&ce 12 of the substrate lO.CLAIMS 
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1 ^ Metliod for assembling a camera module comprising a substrate, a lens and an 

image sensor chip having a light-sensitive surface, wherein in an asjsembled state an optical 
axis of the lens extends in a z-direotion and the light-sensitive surfece of the image sensor 
chip extends at a pte-deteraiined pensor surface position perpendicular to the swJirection, the 
5 method comprising the following steps: 

a) aligning a detector of a measuring device with the optical axis of the lens; 

b) displacing the lens in Ihe z-direction; 

o) detemuning an optimal ^-position for the lens on the basis of measuring signals firom the 
measuring device, wh@t>in measvpcing is perfomied at a nieasuiing position; 
10 bringing the to the optimal z-position, preferably fixing the lens with respect to the 
Bubsttate; 

e) removing the measuring dcfvioe; and 

f) placing Ihe image sensor chip. 

IS 2. Method axMxirding to claim 1, wherein the measuring doi^c^ 

bottom sur&ce of the substrate. 

3. Method amording to claim 1 or 2>wfaer^ the measuring de^ 
diaphragm opening aligned with the optical axis of the 1^, and a sensor receiving all 

20 light passing the di^faragm opening, and wherein step c) compxises the st^ of detennining 
the light intenisity detected by the lig^ sensor as a fimction of the lens position* 

4. Melhod accordmg to any of clatos 3, ftarthw conqiiishig the step of 
determining a maximum 11^ intensity. 

25 

5. Method according to any of claim? 1-4, wherein the mieasuxing position 
coincides with Ihe sensor surfece positioii, and wherein the displacement of ttie lens is 
stopped as soon as the optimal z-position is reached. 
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6. Method accotding to cldm 4, wherein the xneasisring position comcidea ^fbi 
fbe sensor surface positioii» whumin displacement of the leas is continued after hamg 
leaohed ihe optimal z-poBition» wherein step o) conopxisBS the stqp of calculating a distance 
between tbe present z-position and the optimal ^position, and whexdn step d) oon^piises fhe 

5 step of displacing the lens in an opposite dixedaon over the calculated distance. 

7. Method according to claim 4» wherein the measuxing position is above the 
feasor sui&ce position^ at a pre-detennined distance AZ2, "Vfd^erein displacement of the lens is 
continued after having reached a re&rence z-position at which fhe measuring signals have a 

10 maximum vahiei whemn step c) comprises the step of calculating a distance AZi between the ' 
preseait z^osition and Ihe reference z-^osition, and wherein step d) coniqprises tbe st<^ of 
displacing the lens over a distance AZ2 - AZi. 

8. Method according to any of claims 1-7^ wherein the displacement of the lens is 
IS stepped. 

9» Method according to claim 8^ wherein the measuring position is at a pre-* 

detemdned distance AZ^ from the sensor sur^e position, and wherein the predetermined 
distance ^Zx is larger than one st^ of tibie displacement of fhe lens. 



10, Method^ preferably according to any of claims \»9^ wherein a lens assembly 
having a lens is press-fitted in a mount; which is fixedly attached to a substrate or an integral 
part thereof, fhe method comprising the st^ of pushing the lens assembly into Ihe mount 
until the lens has reached a desired position* 

11. Positioning device for use in a method according to any of claims 1-9, the 
positioning device comprising: 

- a measuring area for receiving the beam of lig^t as bemg deflected by the lens; and 

- a detector fbr measuring fhe li|^t intensity of the beam of li^ at the measuring area^ 

1!Z. Positioning device according to claim 1 1, wherein ihe meaismlng area 

conqprises a diaphragm opemng, and wherein the detector comprises a Ught sensor arranged 
to recedve aU li^ passing through fhe diaphragm opening. 




30,09.2002 



13. Positiotring device according to claim 12, comprising a recess for 

accommodatiag the light sensor* ^vherein the light sensor is placed at a bottom side of the 
measwjt^garea. 

"5 Pt: P5i[tiioBinglievii5«mc^^ 

sur&ce adapted for sirppordng a bottom surfiBtce of the substrate. 

15» Positioning device according to claim 14^ whereiE the zDcastinng area is above 

the support siaface> at apr6-4dtetmi33ied distance A2^, 

10 

16. Camera module, comprising a substrate and a lens assembly having a len$» 
wherein the lens ass^bly is pres^-fitted with respect to the substrate. 

17. Camfita module accoxdmg to cl^dm 16, wherein the lens assembly is fitted in a 
15 cylinder-shflped mount, the mount b^ng an integral part of the substrate. 

18. Camera module according to claim 17, wherein the mount comprises at least 
three elongated ribs being axlally oriented^ and whierem the ribs are distdbuted along an inner 
sur&ce of the moimt 

20 

19. Positlomng apparatus for positionmg a lens with. respect to a substrate^ the 
positioning apparatus comprising: ' " 

- a positioning device, preferably according to any of claims 1 1-15; 

- a controller for reoQiving measuring signals from a measuring device; 

25 - a controllable manipulator for displacing the l^s with respect to the substrate; 

wherein tt3ie controller is adapted to actuate the manipulator on the basis of the mea^nring 
signals. 



PHNL020991EPP °23 30.09.2002 16:50: 

30.09.2002 



A process fcr assembling a camera module comprises the foUowijig steps: 

- pladog the substrate (10) on a positiODing die (70); 
-inadiatmg the lens aBSBmbly(3O)withpajalleltBysofUght(90); 

. displacing a leos assembly (30) comprising the convex lens (33) in an axial direction; 
5 - measoring Ihe li^t intensity of UgWpassing tltton^ a spot hole (75) by means of a light 
sensor (80) behig aooonimodated in the positioning die (70); 

- detennitting an opthaal axial position of the lens assembly (30) on ihe basis of an obtained 

intensity cmv^ 

~ bringing the lens assonibly (30) to the optimal axial position; 

10 - lemoving the positifsiing die (70); and 

- atlaciung an image senfioif chip to a bottom suifece (12) of the substtate (10). 

FignreS 
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Fig- 2 
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Fig. 3 
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Fig. 4 
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